Introduction
Despite the reduction in both prevalence and severity levels observed in the last decades, dental caries are still a major oral health problem around the world 1,2 , with high relevance in terms of public health 3 . According to Sheiham & Sabbah 4 , dental caries in permanent teeth follow universal patterns of progression and occlusal surfaces are the zones with greater vulnerability to caries development. Caries commonly start in the first molars, mainly because the eruptive stage provides favorable conditions for carie development until occlusion is reached 5, 6, 7 . The disease's severity determines which teeth and sites are affected 6 . Cumulative effect in caries' experience during the life-course is constant. Thus, the risk does not vary with age, since environmental and behavioral factors that are constantly present have the most influence in their development 8 .
In view of the slow and gradual progression of dental caries, oral screening in children is an important factor to track individuals who already have lesions in permanent dentition and so to stop the disease from progressing further 4 . Hence, risk groups can be defined and development of strategies for treatment and prevention for these individuals can be designed 9, 10 . Therefore, when thinking in terms of public health, this screening must be carried out quickly and efficiently with the maximum sensitivity and specificity possible. Additionally, it should be easy and quick to execute in large groups 10 .
Traditional methods employed in investigations of dental caries prevalence are very detailed and costly as they require engagement of a big team of professionals over a long period of time. These factors highlight the importance of developing rapid screening methods to determine the burden of dental caries in populations 10 , especially when the aim is planning oral health services. Considering that the distribution of dental caries follows a pattern in patients with disease activity 4, 6, 8, 9 , it would be possible to screen dental caries using a partial protocol (PP) in a short period of time. However, few studies 10, 11, 12 have assessed the accuracy of the PP examination in comparison with a full-mouth examination (FM), as recommended by the World Health Organization (WHO) through DMFT index 13 .
Our hypothesis is that the tested PP will be able to estimate dental caries prevalence and its relationship with associated factors in Brazilian schoolchildren aged from 8-12 years.
Thus, this study's aim was to test the accuracy and reliability of a PP of oral examination for screening dental caries, assessing the first permanent molars in comparison with a FM examination.
Methods
This study was carried out in two stages. Firstly, a cross-sectional study was conducted to test the accuracy of the PP of oral examination to assess dental caries prevalence and its relationship with associated factors. The second part assessed the reliability of the PP applied by different examiners.
Part 1: testing the accuracy of the partial protocol
A school-based cross-sectional study was performed with children aged from 8-12 years, living in the urban area of Pelotas, Rio Grande do Sul State, Brazil, and enrolled in public and private schools in 2010. A multistage random sample was used for subject recruitment. The first-stage unit comprised 15 private and five public schools in Pelotas to ensure selection of a representative sample of both public and private schools in the city. Schools were randomly selected depending on the number of children enrolled in each school. The second-stage unit comprised five randomly selected classes in each school. This study investigated several outcomes of oral and general health.
Sample size calculation considered a prevalence of 10% of dental trauma, standard error of 3%, a confidence level of 95%, a design effect of 2.0, and an increase of 20% in the sample size to account for non-response. Final sample required was 922 children. Sample calculation for dental caries was smaller than the calculation presented. Considering a prevalence of dental caries of 30% on unexposed and exposed/unexposed ratio of 1.0, the sample of this study has 80% chance to detect prevalence ratios ≥ 1.3. In each one of the selected classes, all children 8-12 years of age and with mixed or permanent dentition were invited to participate. The study excluded children with physical and/or mental disabilities. More details about methodology can be found elsewhere 14 .
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Data was collected by through questionnaires for the parents and interviews and clinicals examination of the children. The questionnaire was sent to parents via their children and comprised of socioeconomic and demographic data. Family income was obtained in continuous form (Brazilian Reals) and categorized into quartiles. Maternal schooling was collected in completed years of formal education and categorized into four groups: 12 or more; 9 to 11; 5 to 6; and 4 or less. In addition to the questionnaire, an informed consent form requesting their participation and explaining the purpose of the study was also sent.
After the questionnaires were returned, previously trained dental students interviewed the children at school. Demographic characteristics, including gender and age, and self-perception of oral health were collected. The type of school was categorized as public or private. Children's oral health self-perception was obtained by the question "How do you feel about your teeth and your mouth?" and dichotomized into "good/very good" and "fair/bad" 15 . Noteworthy, schools were visited as many times as necessary to ensure an absence rate maximum of 10%. Finally, after the children were interviewed, six dentists with experience in epidemiological studies performed oral clinical examinations in school chairs using individual artificial light, a buccal mirror and a CPI probe. Children did not brush their teeth before dental examination. Plaque index was assessed using the Simplified Oral Hygiene Index (OHI-S) and categorized into tertiles. Dental caries was assessed by DMFT index 13 , using a FM examination of children. Prevalence of dental caries was assessed considering the presence of the disease when DMFT ≥ 1. Examiner reliability was assessed on a tooth-basis by means of weighted kappa. The lowest kappa value was 0.62 and the mean interexaminer kappa was 0.74.
This study was approved by the Ethics Research Committee of the Dentistry School at the Pelotas Federal University (protocol n. 160/2010). All parents received an informed consent form explaining the aim, features, importance of the study and requesting their participation. All children were invited to participate and signed a consent form.
• Statistical analysis
A database was created and statistical analysis was performed using Stata 12.0 software (StataCorp LP, College Station, United States). From FM data, a PP of clinical examination was simulated using only data from the first permanent molars. This option was chosen because ethical concerns precluded two different examinations in the same children (FM and PP). The PP consisted of examining all the first permanent molars.
Descriptive analysis was performed to estimate the prevalence of overall caries and the distribution of lesions per tooth. To test the association between independent variables and the prevalence (DMFT of FM or PP ≥ 1) of dental caries, bivariate Poisson regression models with robust variance were used. The level of significance for all analysis was set at 5%. The comparison between PP and FM protocol was performed according to the following parameters: (a) sensitivity (prevalence in the tested protocol / prevalence in the gold standard protocol FM X 100); (b) absolute bias (absolute difference between prevalence in the tested protocol and prevalence in the gold standard protocol FM); (c) relative bias (percentage of true prevalence underestimation = absolute difference in the prevalence / prevalence in the gold standard FM X 100); and (d) inflation factor (prevalence in the gold standard protocol FM / prevalence in the tested protocol).
Part 2: reliability of the partial protocol
The second part of this study was carried out in three philanthropic schools located in Pelotas. All students enrolled from 2nd to 7th grade were invited to participate.
Clinical examinations were performed for screening dental caries using the PP to assess its reliability. Three previously trained dentists from public oral health services were invited to participate as examiners. A gold standard examiner, with experience in epidemiological studies, performed the examination of participants using a FM protocol. The criteria from DMFT index were adopted 13 . Clinical examination was performed using personal protective equipment, a wooden spatula and a headlamp.
Before starting, a three-hour theoretical and practical training was performed by a researcher with previous experience in epidemiological studies of dental caries. The training process consisted of two hours of theoretical explanation about DMFT index, using images of different aspects and stages of carious lesions. After this, one hour of practical training was held, to practice and discuss the adopted criteria and examination protocols. Each dentist had the opportunity to examine three individuals.
The study was approved by the Ethics Research Committee of the Pelotas Federal University (protocol n. 101/2009). Prior to participation in the study, all parents received an informed consent form requesting the participation of their children. All children were invited to participate and signed consent forms.
• Statistical analysis
Prevalence of dental caries (DMFT ≥ 1) was obtained from both FM and PP from all dentists. The accuracy of the partial protocol compared to FM examination, sensitivity, specificity, positive predictive value and negative predictive value were calculated. Inter-examiner reproducibility of professionals in comparison to gold standard examiner was also assessed by kappa statistics. Weighted kappa was used to evaluate the reliability of categorical DMFT index (decayed, missing and filled), and simple kappa to evaluate DMFT in dichotomous category (presence or absence of lesion). For analysis of categorical DMF, by weighted kappa, the categories were ranked according to their severity (0 = healthy; 1 = restored without caries; 2 = restored with caries; 3 = decayed; 4 = lost due to caries).
Results

Part 1
A total of 1,744 children were eligible in the first part of this study. Of these, 419 (24%) children did not have the informed consent form signed by their parents, and 114 (6.7%) children were not present during data collection. Thus, 1,211 children were included in the final sample, representing a response rate of 69.3%. Sample description is presented in Table 1 . According to Figure 1 , carious lesions in molars represented 84.3% (95%CI: 82.0-86.2) of total lesions in the upper and lower arches. Prevalence of dental caries using DMFT index was 32.4% (95%CI: 29.7-35.0). Considering only first molars, the prevalence was 30.2% (95%CI: 27.7-32.9).
Clinical evaluation considering the PP presented high sensitivity (93.1%; 95%CI: 91.5-94.5), an absolute bias of -2.2%, 6.8% of relative bias and 1.07 of inflation factor. Table 1 shows the association of dental caries prevalence, obtained from different protocols, with independent variables. Regarding associated factors, similar results were found for tested protocols. Older age, lower level of maternal education and family income, higher visible plaque index, enrolled at public schools and having a worse self-perception of oral health were strongly associated with higher prevalence of dental caries in both FM and PP.
Part 2
In the second part of the study, 204 schoolchildren from second to seventh grade were examined. Of these, two were excluded due to the presence of an orthodontic expander and to the absence of all first molars. Considering the FM examination protocol performed by the gold standard examiner, the prevalence of dental caries in the studied population was 20.2% (95%CI: 14.8-26.3) while the mean DMFT was 0.32 (SD: 0.71). The comparison of PP performed by dentists with the FM examination (performed by gold standard) is showed in Table 2 . It is possible to observe that all examiners obtained similar levels of caries prevalence using the PP, which was slightly higher than those obtained by the gold standard examiner. In addition, PP applied by different examiners presented higher levels of sensitivity and specificity compared to FM examination performed by the gold standard examiner.
Regarding the comparison between the PP applied by different examiners and the simulated PP examination of the gold standard examiner ( Notes: (i) the level of significance for all analyses was set at 5%; (ii) bivariate Poisson regression models with robust variance.
in the previous table. Sensitivity and specificity values remained at the same level, with values considered to be excellent. Considering both positive predictive values (PPV) and the negative predictive value (NPV), it was observed that PPV values were lower, ranging from 75 to 66.7%, while NPV were higher, all being above 97%. In the analysis of the likelihood ratio, it was observed that all professionals obtained good results using the PP of examination (high values of positive likelihood ratio and lower results (< 1) of negative likelihood ratio). Table 4 shows inter-examiner reproducibility of examiners using PP compared with gold standard. It is possible to observe that results of weighted kappa for categorical DMFT were, in general, lower (0.75, 0.70 and 0.66; respectively) than values of reproducibility obtained using dichotomous DMFT (0.71, 0.80 and 0.76; respectively). For categorical DMFT and dichotomous DMFT (considering only the presence or absence of teeth affected by caries), the professionals showed values described as substantial 16 which is acceptable for use in epidemiological studies. Table 2 Estimates of prevalence, sensitivity, specificity, relative and absolute bias and inflation factor for the partial protocol compared to full mouth (gold standard) examination in schoolchildren aged between 8 to 12 years. Pelotas, Rio Grande do Sul State, Brazil (N = 202). 
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Table 4
Repeatability for examination of dental caries in the first molars (DMFT) of schoolchildren aged between 8 to 12 years for dentists in relation to the gold standard examiner. Pelotas, Rio Grande do Sul State, Brazil (N = 202). 
Professional
Discussion
The present study showed that the PP evaluating only the first permanent molars presented a good level of accuracy, high sensitivity and specificity to estimate dental caries prevalence and that it was valid to determine associated factors and magnitude of effect measures in relation to FM examination. In general, values of at least 80% of sensitivity and specificity (sum = 160%) are acceptable for epidemiological studies. In the present study, all professionals achieved values ranging from 179.2% and 186.1%. The PP examination provided results very similar to FM examination in a smaller number of teeth. So, it may be recommended for wide epidemiological studies because it decreases examination time as well as study costs . Regarding public health, this investigated protocol is a reliable alternative for screening dental caries in populations, with potential to be employed in public health services. The choice for assessing the status of permanent first molars through the tested protocols was due to fact that, in general, carious lesions occur first in the occlusal surface of these teeth 5, 6, 7 with distribution occurring homogeneously in the upper and lower arches 6 . In fact, our findings confirm that permanent first molars are widely the most affected teeth by caries in the studied age group with a symmetric distribution of caries in molars. The prevalence of 32.4% and 20.2% found in the first and second parts of the study are much lower than the prevalence found at 12 years of age in the South region of Brazil (60.3%) in a recent national survey of oral health 17 . This can be explained because the age group of our study comprised also children from 8 to 12 years of age who have mixed dentition, in which a lower prevalence of the disease might be expected.
The use of partial examination protocols in oral health epidemiological surveys is commonly adopted in periodontal outcomes studies 16, 18, 19, 20, 21 mainly because it reduces the time and labor cost and decreases patient discomfort and examiners' fatigue 17, 18 . The present study found good results regarding PP's accuracy, not only to assess prevalence, but also to assess factors associated with dental caries. In this way, socioeconomic, behavioral and oral health variables were strongly associated with Cad. Saúde Pública 2018; 34(4):e00077217 the presence of disease in both FM and PP, showing that the use of PP also presented good discriminatory power. In addition, ethical issues would reinforce recommending PP in large epidemiological surveys with these objectives.
The use of a simplified and easy diagnostic method, such as the protocol evaluated in this study, highlights the possibility of a direct application of PP in public health systems, like as the Brazilian Unified National Health System (SUS). Furthermore, the use of the PP allows for a fast process of data collection to assess the target population's oral health , facilitating the organization of services, knowing demands and improving equality on how dental care is provisioned 22 . After training and calibration process and under supervision by dentists, other health professionals could perform screening for dental caries in high population levels more easily than with FM protocols. These health professionals using screening tools could contribute to the qualification of health assistance and promote the best use of human resources available in the public sector 10, 20 . This possibility is supported by Saintrain & Vieira's study 22 , who demonstrated that non-dental personnel (community health agents) of health teams from the SUS are able to screen oral health conditions in an individual and collective basis by means of a Community Oral Health Indicator. Likewise, Macey et al. 23 showed that hygiene therapists in the United Kingdom might be able to perform screening for dental caries and periodontal disease.
Deploying other health professionals to assist dentists with screening for oral conditions is not well accepted by some dentists, which they wrongly perceive as overlapping to their own activities. In several parts of the world, there is a shortage of dentists in relation to the population and this highly qualified workforce should be directed toward more complex activities 24 . Therefore, from a public health standpoint, the use of the PP could facilitate screening and the monitoring of dental caries by auxiliary trained personnel, especially among the most disadvantaged populations, which are the most affected by the disease. The present findings have high internal validity, given the inter-examiner agreement obtained in the calibration process. The high rate of children enrolled in primary school in this age group, together with the sampling technique, allows for data extrapolation for children of the same age in the city of Pelotas and others with similar regional and development characteristics. The present findings were based on analysis of the tooth as a whole rather than analyzing each tooth surface (DMFS), which allows for a better estimate of the severity of the disease as well as more precise monitoring of lesion development in longitudinal follow-ups. In this way, the use of PP examination should be viewed with caution in longitudinal studies. Also, as PP originated from the same FM examination in the first part of study, it was not possible to assess the specificity of protocol in this sample. However, the specificity was assessed in the second part of this study. Regarding the age of participants, our data is applicable only to children from 8 to 12 years of age. Nevertheless, considering that clinical manifestation of dental caries starts generally in first molars, it is probable that to estimate prevalence of the disease, PP would present good results for other age groups. On the other hand, in older ages, an assessment of the disease's severity would be useful to screen individuals. In this case, the examination of just four teeth in mouth can result in a severe underestimate of disease severity.
It was concluded that the use of PP in this study demonstrated accuracy and reliability to assess the prevalence of dental caries and its association with demographic and behavioral factors in children between 8 and 12 years. 
